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(54) METHOD OF ESTIMATING THE RISK OF EXPRESSION OF ADVERSE DRUG REACTION 

CAUSED BY THE ADMINISTRATION OF A COMPOUND, WHICH IS EITHER METABLOIZED 
PER SE BY UGT1A1 OR WHOSE INTERMEDIATE IS METABOLIZED BY THE ENZYME 
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(57) A method of estimating a risk of the expression 
of an adverse drug reaction caused by the administra- 
tion of irinotecan; and a method of reducing the adverse 
drug reaction caused by the administration of irinotecan. 
A polymorphism on the basis of a difference in the re- 
peating numbers of TA repetitive sequences in the pro- 
moter region of UGT1 gene and two types of polymor- 
phisms (bases at the 211- and 686-positions) on the ba- 
sis of single nucleotide polymorphisms in the exon 1 are 
analyzed. Based on the analytical data, the risk of the 
expression of an adverse drug reaction caused by the 
administration of irinotecan is estimated. Further, the 
administration doses of irinotecan is designed for indi- 
vidual patients depending on the risk of the expression 
of the adverse drug reaction , thereby reducing the ad- 
verse drug reaction cased by the administration of iri- 
notecan. 
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Description 

[0001] Method of estimating the risk of expression of adverse drug reaction caused by the administration of a com- 
pound, which is either metabolized per se by UGT1A1 enzyme or whose metabolic intermediate is metabolized bv the 
enzyme 

TECHNICAL FIELD 

[0002] The present invention relates to a method for estimating the risk of expression of adverse drug reaction of a 
drug by analyzing polymorphism of a gene encoding an enzyme involved in drug metabolism. Also, the present invention 
relates to a kit which is used for estimating the risk of expression of adverse drug reaction. Further, the present invention 
relates to a method for reducing the risk of expression of adverse drug reaction of a drug based on the results of the 
estimation of the risk of expression of adverse drug reaction. 

[0003] More particularly, the present invention relates to a method for estimating the risk of expression of adverse 
drug reaction caused by the administration of a compound, which is either metabolized per se by UDP-GLUCURON- 
OSYLTRANSFERASE (UGT) or whose metabolic intermediate is metabolized by UGT, by analyzing polymorphism of 
a gene encoding UGT and a kit for estimating the risk of expression of adverse drug reaction, as well as a method for 
reducing the risk of expression of adverse drug reaction. 

BACKGROUND ART 

[0004] There are two types of UDP-glucuronosyltransferase (UGT) enzymes, UGT1 and UGT2, in humans and the 
UGT1 family consists of one gene along with multiple promoters and the first exons which are spliced to the mutual 
exon 2 (Ritter, J. K., Chen, R, Sheen, Y. Y, Tran, H. M., Kimura, S., Yeatman, M. T, and Owens, I. S., J. Biol. Chem., 
267: 3257-3261 , 1992). Thus, the substrate specificity of the enzyme depends on the first exon. 
[0005] UGT1A1 gene, which is one of the UGT1 family, is composed of a promoter and the first exon closest to exons 
2 through 5. 

[0006] UGT1A1 enzyme, which is primarily responsible for conjugating bilirubin, can glucuronidate drugs (e g ethi- 
nylestradiol), xenobiotic compounds (e.g. phenols, anthraquinones and flavones) and endogenous steroids (Senafi 
S. B., Clarke, D. J., Burchell, B„ Biochem. J., 303: 233-240, 1994). At present, not less than 30 genetic polymorphisms 
in a promoter region and exons have been known to decrease the enzyme activity and lead to constitutional unconju- 
gated jaundice, Crigler-Najjar or Gilbert's syndrome (Mackenzie, P. I., et al., Pharmacogenetics 7" 255-269 1997) 
Recent in vitro analyses have revealed that UGT1A1 isoform would be responsible for the glucuronidation of SN-38 
and that the genetic polymorphism would associate with the decreased activity of SN-38 glucuronidation as well as 
bH.rubin glucuronidation (Iyer, L, et al., J. Clin. Invest, 101: 847-854, 1998, Iyer, L, et al., Clin. Pharmacol. Ther 65- 
576-582, 1999). Additionally, the present inventors have suggested an inter-individual difference in the pharmacoki- 
netics of SN-38 and SN-38 glucuronide depending on UGT1A1 genotype (Ando, Y, Saka, H., Asai, G Sugiura S 
Shimokata, K., and Kamataki, T, Ann. Oncol., 9: 845-847, 1998). 

[0007] One of the compounds, whose intermediate metabolites are metabolized (conjugated) by UGT1A1 enzyme 
is innotecan (CPT-11 ). Irinotecan is metabolized by carboxylesterase to form an active SN-38, which is further conju- 
gated and detoxified by UGT1A1 to yield its (glucuronide. The glucuronide is then excreted in the small intestine via 
bile, where bacterial glucuronidase resolves the glucuronide into the former SN-38 and glucuronic acid (Takasuna K 
Hagiwara, T, Hirohashi, M., Kato, M., Nomura, M., Nagai, E., Yokoi, T, and Kamataki, T, Cancer Res 56" 3752-3757' 
1996). Intenndividual differences in pharmacokinetics of SN-38 are suggested to cause the variation in drug effect 
(Gupta, E., Lestingi, T. M., Mick, R., Ramirez, J., Vokes, E. E., and Ratain, M. J., Cancer Res., 54" 3723-3725 1994 
Kudoh, S., Fukuoka, M., Masuda, N., Yoshikawa, A., Kusunoki, Y, Matsui, K., Negoro, S., Takifuji, N., Nakagawa K ' 
Hirashima, T., Yana, T., and Takada, M., Jap. J. Cancer Res., 86: 406-413, 1995). 

[0008] Irinotecan is a camptothecin analogue compound, and known for its strong antitumor activity through an in- 
hibition of topoisomerase I. Although irinotecan is now widely used, especially for colorectal- and lung-cancer treat- 
ments, there are concerns about the dose limiting toxicity of irinotecan resulting in leukopenia and/or diarrhea (Negoro 
S. et al., J. Natl. Cancer Inst., 83: 1164-1168, 1991, Akabayashi, A., Lancet, 350: 124, 1997, Pharmaceuticals and 
Cosmetics Division, Pharmaceutical Affairs Bureau, Ministry of Health and Welfare (ed), Summary Basis of Approval 
(SBA) No.1 (revised edition): irinotecan hydrochloride. Tokyo: Yakuji Nippo, Ltd., 1996). Adverse drug reaction of iri- 
notecan is occasionally fatal ( Rougier, P. et al., Lancet, 352: 1407-1412, 1998, Kudoh, S. et al J Clin Oncol 16" 
1068-1674, 1998, Masuda, N. et al., Proc. Am. Soc. Clin. Oncol., 18: 459a, 1999, Negoro, S. et al., J. Natl Cancer 
Inst., 83: 1164-1168, 1991), and there is actually a report of the deaths of 55 patients out of 1245 were attributed to 
the adverse drug reactions of irinotecan during period of its clinical trials (Akabayashi, A., Lancet, 350: 124 1997 
Pharmaceuticals and Cosmetics Division, Pharmaceutical Affairs Bureau, Ministry of Health and Welfare (ed) Sum- 
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mary Basis of Approval (SBA) No.1 (revised edition): irinotecan hydrochloride. Tokyo: Yakuji Nippo, Ltd., 1996). 
[0009] Ratain et al. proposed a method for reducing adverse drug reaction of irinotecan by using a compound which 
enhances the activity of UGT (USP No. 5786344). 

5 DISCLOSURE OF INVENTION 

[0010] As described above, adverse drug reaction of the drug whose metabolism is associated with UGT1 A1 enzyme 
is a serious problem. However, no effective means for estimating such adverse drug reaction is known. On the other 
hand, since a therapeutic index is limited in many cases in chemotherapy of cancer, it becomes very important to set 
10 a dose of a drug depending on individuals in order to reduce adverse drug reaction of a drug and enhance the effect 
thereof. 

[0011] In view of such circumstances, an object of the present invention is to provide epoch-making means for re- 
ducing adverse drug reaction by the administration of a compound, such as irinotecan, which is either metabolized per 
se by UGT1 A1 enzyme or whose metabolic intermediate is metabolized by the enzyme. That is, an object of the present 
15 invention is to provide a method for estimating the risk of expression of adverse drug reaction caused by the adminis- 
tration of a compound which is either metabolized per se by UGT1A1 enzyme or whose metabolic intermediate is 
metabolized by the enzyme; a kit utilizing the method; and a method for reducing the risk of expression of the adverse 
drug reaction of the compound. 

[0012] In order to solve the above problems, the present inventors studied paying attention to polymorphism of a 

20 gene encoding UGT1A1 enzyme. More specifically, patients who had undergone the administration of irinotecan in 
cancer chemotherapy were investigated for correlation between polymorphism of UGT1A1 gene and adverse drug 
reactions of irinotecan. In particular, polymorphisms of UGT1A1 gene were studied in the promoter region, exon 1, 
exon 4 and exon 5. As a result, correlation was recognized between the adverse drug reaction of irinotecan and pol- 
ymorphism due to the difference in the number of TA repeats in the promoter region or two kinds of polymorphisms 

25 due to one base substitution in exon 1 (211-positional base, 686-positional base). From such findings, it was suggested 
that there is correlation between these polymorphisms in UGT1A1 gene, and an extent of adverse drug reaction by 
the administration of a compound which is either metabolized per se by UGT1 A1 enzyme or whose metabolic inter- 
mediate is metabolized by the enzyme. Therefore, analysis of these polymorphisms of UGT1A1 gene was considered 
to be effective means for estimating the risk of expression of adverse drug reaction caused by the administration of a 

30 compound, such as irinotecan, which is either metabolized perse by UGT1 A1 enzyme or whose metabolic intermediate 
is metabolized by the enzyme. In particular, for the polymorphism in the promoter region and polymorphism due to 
substitution of a 686-positional base in exon 1, correlation was recognized between each of such polymorphisms 
individually and adverse drug reaction of irinotecan and, therefore, analysis of the two polymorphisms was considered 
independently to be effective means for estimating the risk of expression of adverse drug reaction caused by the 

35 administration of a compound which is either metabolized perse by UGT1A1 enzyme or whose metabolic intermediate 
is metabolized by the enzyme. The present invention was made based on the above-mentioned findings and study 
results, and has the following features: 

1 . A method for estimating the risk of expression of adverse drug reaction caused by the administration of a com- 
*o pound which is either metabolized per se by UGT1 A1 enzyme or whose metabolic intermediate is metabolized by 

the enzyme, which comprises at least (a): a step of analyzing the number of TA repeats in the promoter region of 
a gene encoding UGT1A1 enzyme. 

2. The method of 1 , wherein the step of analyzing the number of TA repeats is a step of detecting any one of 5 
through 8 as the number of TA repeats. 

45 3. The method of 1 , wherein the step of analyzing the number of TA repeats is a step of detecting either 6 or 7 as 

the number of TA repeats. 

4. The method of any one of 1 to 3, which further comprises a step of amplifying a DNA containing the TA repeating 
region in the promoter region of a gene encoding UGT1 A1 enzyme. 

5. The method of any one of 1 to 4, which is a method for estimating the risk of expression of adverse drug reaction 
50 caused by the administration of a compound which is either metabolized per se by UGT1 A1 enzyme or whose 

metabolic intermediate is metabolized by the enzyme, and which further comprises (b): a step of analyzing the 
base at nucleotide position 686 of a gene encoding UGT1A1 enzyme, and/or (c) a step of analyzing the base at 
nucleotide position 211 of a gene encoding UGT1A1 enzyme. 

6. The method of 5, wherein the step of analyzing the base at nucleotide position 686 is a step of analyzing whether 
55 the base at nucleotide position 686 is cytosine or adenine. 

7. The method of 5, wherein the step of analyzing the base at nucleotide position 21 1 is a step of analyzing whether 
the base at nucleotide position 211 is guanine or adenine. 

8. The method of any one of 5 to 7, which further comprises a step of amplifying a DNA containing the base at 
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promoter region of a gene encoding UGT1A1 enzyme, or a DNA containing the base at nucleotide position 686 
of a gene encoding UGT1 A1 enzyme, which are to be analyzed. 

31 . The kit of 30, which is a kit for estimating the risk of expression of adverse drug reaction of irinotecan, which 
further comprises a nucleic acid for analyzing the base at nucleotide position 211 of a gene encoding UGT1A1 
5 enzyme and a reagent for amplifying a DNA containing the base at nucleotide position 211 of a gene encoding 

UGT1A1 enzyme. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 [0013] 

Fig. 1 is a table summarizing polymorphisms of UGT1A1 gene which are analyzed in Examples. 211G->A repre- 
sents substitution of guanine by adenine at a position 211 , 686C^A represents substitution of cytosine by adenine 
at a position 686, 1099C^G represents substitution of cytosine by guanine at a position 1099, and 1456T-»G 
15 represents substitution of thymine by guanine at a position 1456. In addition, G71R represents substitution of 

glycine by arginine at codon 71, P229Q represents substitution of proline by glutamine at codon 229, R367G 
represents substitution of arginine by glycine at codon 367, and Y486D represents substitution of tyrosine by 
aspartic acid. 

Fig. 2 is a table summarizing clinical information of patients who are subjects in Examples, "a" is based on criteria 
20 of Japan Society of Clinical Oncology. In addition, "b" shows the results of a Chi-squared test, and C shows the 

results of a Mann-Whitney U test. 

Fig. 3 is a table summarizing information of irinotecan chemotherapy of patients who are subjects in Examples, a: 

criteria of Japan Society of Clinical Oncology, b: Chi-squared test, c: Fisher's Exact test. 

Fig. 4 is a table summarizing a distribution of genotype. 6/6 represents a homozygote of alleles in which the number 

25 of TA repeats is 6, 6/7 represents a heterozygote of an allele in which the number of TA repeats is 6 and an allele 

in which the number of TA repeats is 7, and 7/7 represents a homozygote of alleles in which the number of TA 
repeats is 7. Gly/Gly represents a homozygote of alleles in which codon 71 is glycine, Gly/Arg represents a het- 
erozygote of an allele in which codon 71 is glycine and an allele in which codon 71 is arginine, and Arg/Arg rep- 
resents a homozygote of alleles in which codon 71 is arginine. Pro/Pro represents a homozygote of alleles in which 

30 codon 229 is proline, and Pro/Gin represents a heterozygote of an allele in which codon 229 is proline and an 

allele in which codon 229 is glutamine. a: criteria of Japan Society of Clinical Oncology, b: average (inter-quartile 
range). 

Fig. 5 is a table showing the results of statistically comparing (multiple logistic regression analysis) influence of 
UGT1A1*28 and influence of other factors on severe toxicity, a. coefficient, b: regime of combination of irinotecan 
35 and other anti-cancer agent (except for platinum preparation). 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0014] The present invention relates to a method for estimating the risk of expression of adverse drug reaction caused 
40 by the administration of a compound which is either metabolized per se by UGT1A1 enzyme or whose metabolic 
intermediate is metabolized by the enzyme, which comprises (a): a step of analyzing the number of TA repeats in the 
promoter region of a gene encoding UGT1 A1 enzyme. 

[0015] UGT1 A1 enzyme is a molecule species of UDP (uridine diphosphate)-glucronosyltransferase (UGT). UGT is 
a generic name of enzymes which catalyze glucronic acid conjugation (glucronide conjugation) of endogenous sub- 

45 stances such as bilirubin and steroid, drugs having a particular structure and the like in a living body, and is involved 
in detoxication of many drugs. UGT1 A1 is known to be deeply involved in metabolism of irinotecan as described above. 
[0016] A gene encoding UGT1A1 enzyme (hereinafter referred to as "UGT1A1 gene", Gen Bank Accession No.: 
AF297093) has a promoter region, exon 1 , and exon 2 to exon 5 which are arranged subsequent to exon 1 . It is known 
that a plurality of polymorphisms are present in the promoter region, and exon 1 to exon 5. 

50 [0017] Polymorphism in the promoter region is due to a difference in the number of repeats of a pair of bases (TA), 
(TA repeats), and there are polymorphisms which are called (TA) 5 , (TA) 6 , (TA) 7 and (TA) 8 (which represent the number 
of TA repeats present: 5, 6, 7, 8, respectively) (Monaghan, G. etal., Lancet, 347:578-581, 1996, Bosma, P.J. etal., N. 
Engl. J. Med., 333:1171-1175, 1995, Lampe JW et al., Pharmacogenetics, 9, 341-349, 1999). 
[0018] "Analyzing the number of TA repeats" in the present invention means detecting the number of TA repeats in 

55 the promoter region of a test gene: which includes detecting any one of 5 through 8 as the number of TA repeats; 
detecting either 6 or 7 as the number of TA repeats. 

[0019] On the other hand, there can be constituted a method for estimating the risk of expression of adverse drug 
reaction caused by the administration of a compound which is either metabolized per se by UGT1 A1 enzyme or whose 
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to be measured. Similarly, since polymorphism at a position 686 of exon 1 changes codon 229 (generating proline or 
glutamine), a peptide at least containing an amino acid corresponding to codon 229 can be used as a subject to be 
measured. When a peptide or a protein containing both of an amino acid corresponding to codon 71 and an amino 
acid corresponding to codon 229 is used, it is possible to analyze two polymorphisms simultaneously. 

5 [0029] As a method of analyzing an amino acid corresponding to a polymorphism part using a peptide or a protein, 
the well known amino acid sequence analyzing method (a method utilizing the Edman method) can be used. In addition, 
it is estimated that conformation of an expression product of UGT1A1 gene will change due to the change of an amino 
acid, the kind of amino acid may be analyzed by immunological methods. Examples of the immunological method 
include ELISA method (enzyme-linked imunosorbent assay), radioimmunoassay, immunoprecipitation method, immu- 

10 nodiffusion method and the like. 

[0030] The "compound which is either metabolized per se by UGT1 A1 enzyme or whose metabolic intermediate is 
metabolized by the enzyme" refers to a compound which is directly metabolized in vivo by UGT1A1 enzyme when 
administered to the living body, or a compound in which said compound is once metabolized by enzymes or the like, 
and its resulting metabolite (intermediate metabolite) is metabolized by UGT1A1 enzyme. The compound is not par- 

15 ticularly limited as far as it is a compound having such nature; for example, a camptothecin analogue compound cor- 
responds to the compound . Any compound is applicable without limit as far as it is a camptothecin analogue compound 
having the above-mentioned nature; for example, the known camptothecin derivative such as topotecan, irinotecan 
(CPT-11) and the like. Further, under the conditions that the above-mentioned nature is maintained, the compound 
may be a compound in which one or a few substituent(s) is (are) substituted with other atom(s) or atomic group(s) in 

20 the known camptothecin analogue compounds, and camptothecin derivatives (topotecan, irinotecan etc.) within the 
public domain. 

[0031] A suitable example of the compound which is either metabolized per se by UGT1A1 enzyme or whose met- 
abolic intermediate is metabolized by the enzyme is irinotecan. 

[0032] A risk of the expression of adverse drug reaction refers to the risk that adverse drug reaction is caused due 
25 to the administration of the compound in the present invention. Herein, the adverse drug reaction refers to the action 

or effect other than the effect (drug efficacy) expected when the compound in the present invention is administered, 

and include not only adverse influence on a living body but also reduction in the effect inherent in the compound. 

Therefore, in the method of the present invention, the risk of reducing the inherent effect in the administration of the 

compound is also included in the risk of expression of adverse drug reaction. 
30 [0033] An example of adverse drug reactions when the compound of the present invention is irinotecan is leucopenia 

and diarrhea. These symptoms have occasionally lethal adverse influence on the patient who has been dosed with 

irinotecan. 

[0034] The results of estimating the risk of expression of adverse drug reaction can be utilized for setting a dose of 
the compound. Then, another aspect of the present invention is a method of setting a dose of the compound, which 

35 comprises a step of setting a dose of the compound based on the results of the above-mentioned method of estimating 
the risk of expression of adverse drug reaction. According to such method of setting a dose, it is possible to set a 
proper dose for every subject (patient) dosed, by comparing the degree of adverse drug reaction caused by the ad- 
ministration of the compound and the degree of the effect which is originally expected by the administration of the 
compound. Therefore, it becomes possible to perform effective therapies with the compound while suppressing the 

40 occurrence of adverse drug reactions. In other words, a method for reducing adverse drug reaction of the compound 
is provided. 

[0035] Another aspect of the present invention provides a nucleic acid for analyzing the number of TA repeats in the 
promoter region of a gene encoding UGT1A1 enzyme (hereinafter referred to as "TA repeating number analyzing 
nucleic acid"), a nucleic acid for analyzing the base at nucleotide position 686 of a gene encoding UGT1 A1 enzyme 

45 (hereinafter referred to as "686-position analyzing nucleic acid"), and a nucleic acid for analyzing the base at nucleotide 
position 211 of a gene encoding UGT1A1 enzyme (hereinafter referred to as "211 -position analyzing nucleic acid"). 
[0036] Examples of the TA repeating number analyzing nucleic acid include a nucleic acid that hybridizes specifically 
with a DNA fragment derived from the region which contains the bases of TA repeating region of a gene encoding 
UGT1 A1 enzyme and which can be amplified by PCR method using either of the following two primer sets: a set of 

50 SEQ ID No. 7 and SEQ ID No. 8, or a set of SEQ ID No. 9 and SEQ ID No. 10. 



55 



Forward primer (SEQ ID No. 7) 

5 ' -AAGTGAACTCCCTGCTACCTT-3 ' 
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Reverse primer (SEQ ID No. 8) 

5 ' -CCACTGGGATCAAC AGTATCT-3 ' 

Forward primer (SEQ ID No. 9) 

5 ' -GTCACGTGACACAGTCAAAC-3 ' 

Reverse primer (SEQ ID No. 10) 
5 '-TTTGCTCCTGCCAGAGGTT-3 ' 



552*^,72? Vt* 6 l 6 - p0Siti0n ana, y zin 9 nucleic acid include a nucleic acid that hybridizes specifically with a 
fragment derived from the re 9'on which contains the base at nucleotide position 686 of a gene encodinc UGT Al 

be 8mPlified ^ PCR me,h ° d USin9 ,he f0llOWi "9 P"-r set: a set of Ieq f D No 3 and SEQ 



Forward primer (SEQ ID No. 3) 
5'-AGTACCTGTCTCTGCCCAC-3' 

Reverse primer (SEQ ID No. 4) 

5 '-GTCCCACTCCAATACACAC-3 ' 

[0038] Examples of the 211-position analyzing nucleic acid include a nucleic acid that hybridizes specifically with a 
fra 9 ment der,ved from ^gion which contains the base at nucleotide position 21 1 of a wSXm 
e^yme and wh,ch can be amplified by PCR method using the following primer set: a set of Ieq 'c Z J 'and SEQ 

Forward primer (SEQ ID No. 1) 

5 ' -CTAGCACCTGACGCCTCGTTGTACATCAGAG£C-3 ' 

Reverse primer (position 393 to 412) (SEQ ID No. 2) 
5 '-CCATGAGCTCCUGTTGTGC-3 ' 

2SS„ , An ° th ?! , a T CX ,° f the Pr6Sent invention provides a kit for estimating the risk of expression of adverse drua 
Shni ' f by , th . e admmistration of a com P°^ d which is either metabolized per se by UGT1A1 ewZTJo^ 
Baffin 'th 13 6 IS metab0,iZed by thS enZyme ' WhiCh C ° mprises a nucleic acid ^ analyzing Sumbe^f TA 
0040 olTl H TT ° f a , 96,16 enC ° din9 UGT1 A1 6n2yme (TA repeati "9 number anal A nucieic add) 

incod nn UGT1 enzvme ST T * " ** ana ' y2in9 <"* baSe at nUCleotide position <*6 of a gene 

encoding UGT1A1 enzyme (686-pos 1 t.on analyzing nucleic acid), constituted can be a kit for estimating the risk of 
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expression of adverse drug reaction caused by the administration of a compound which is either metabolized per se 
by UGT1A1 enzyme or whose metabolic intermediate is metabolized by the enzyme. 

[0041] Alternatively, a kit of the present invention can be constituted by inclusion of the 686-position analyzing nucleic 
acid in addition to the TA repeats number analyzing nucleic acid. Furthermore, by further inclusion of a nucleic acid 

5 for analyzing the base at nucleotide position 211 of a gene encoding UGT1A1 enzyme (211-position analyzing nucleic 
acid) in addition to the TA repeats number analyzing nucleic acid, a kit of the present invention may be constituted. In 
addition, the above-mentioned respective kits may be constituted by a reagent or 2 or more reagents combined de- 
pending on a method of using each kit. For example, a kit may be constituted by combining a reagent for amplifying a 
DNA containing a TA repeats number region of a gene encoding UGT1A1 enzyme, a reagent for amplifying a DNA 

10 containing the 686-positional base region of a gene encoding UGT1 A1 enzyme, and/or a reagent for amplifying a DNA 
containing the 211-positional base region of a gene encoding UGT1A1 enzyme. 

[0042] The above nucleic acids are the nucleic acids used in the respective analyzing methods, PCR-RFLP (restric- 
tion fragment length polymorphism) method, a PCR-SSCP (single strand conformation polymorphism) method (Orita, 
M. et al., Proc. Natl. Acad. Sci., U.S.A., 86, 2766-2770(1989) etc.) etc) as previously mentioned, which is utilized in 

15 each kit: primers and probes. Examples of the primers include primers which can specifically amplify the region con- 
taining a polymorphism site which is to be analyzed (promoter region, 686-positional base, 211-positional base). In 
addition, when a kit for conducting PCR-RFLP method is constituted, for example, primers are used which are designed 
so that a particular restriction site is formed in a polymorphism part when a particular polymorphism is possessed; such 
that a genotype is discriminated when a PCR amplification product is subjected to the restriction enzyme treatment. 

20 When a kit for conducting TaqMan-PCR method, Invader method or the like is constituted, examples of the nucleic 
acid include a primer and/or a probe which are used in each method. 

[0043] As a probe or a primer, a DNA fragment or a RNA fragment is appropriately used depending on the analyzing 
method. The base length of a probe or a primer may be such a length that each function is exerted, and an example 
of the base length of a primer is around 15 to 30bp, and preferably around 20 to 25bp. 
25 [0044] As described above, in order to easily implement the method of the present invention, it is preferable to use 
a genotype detecting kit suitable for this. Such kit can be easily designed based on the above explanation, and will be 
further explained by way of an example of Invader method which can implement an assay using a genome DNA fun- 
damentally without amplifying a test DNA by PCR method or the like. 

[0045] When a kit in accordance with Invader method is constituted, two kinds of non-fluorescently-labeled oligonu- 
30 cleotides (1) and (2), one kind of fluorescently-labeled oligonucleotide (3) and the enzyme having the specific endo- 
nuclease activity which recognizes and cuts a structure of a DNA (4) are used. Two kinds of non-fluorescently-labeled 
oligonucleotides are referred to as "allele probe (or signal probe or reporter probe)" and "invader probe" respectively, 
the fluorescently-labeled oligonucleotide is referred to as "FRET probe" and the enzyme having the specific endonu- 
clease activity which recognizes and cuts the structure of a DNA is referred to as "clevase". 

35 

(1 ) The allele probe is designed so that it has the base sequence complementary to the 5' side from a polymorphism 
site (hereinafter referred to as "polymorphism site") to be analyzed in a gene encoding UGT1 A1 enzyme (herein- 
after also abbreviated as UGT1A1 gene") as a template, and has an arbitrary base sequence (called as "flap") 
which can not complementarily bind to one base 3' side from the polymorphism site. More specifically, when looking 

40 at the allele probe itself, it is constituted in the following order starting from its 5'-terminal: the flap part, and the 

sequence part which is complementary to the sequence of the template in its 5-side from the polymorphism site. 
As a sequence of the flap, used is a sequence which can not complementarily bind to UGT1A1 gene sequence, 
the allele probe or the invader probe, and any DNAs other than the UGT1A1 gene in a sample. 

(2) The invader probe is designed so that it complementarily binds to the sequence from a polymorphism site to 
45 3' side in its template UGT1A1 gene, and a sequence corresponding to the polymorphism site may be an arbitrary 

base (N). More specifically, when looking at the invader probe itself, it is constituted in the following order starting 
from its 5'-terminal: the sequence part which is complementary to the sequence of the template in its 3'-side from 
the polymorphism site, and a N at the 3'-terminal. 

The (1) and (2) constituted in this manner correspond to the "TA repeating number analyzing nucleic acid", 
50 the "686-position analyzing nucleic acid" or the "21 1 -position analyzing nucleic acid" of the present invention. When 

two kinds of probes, (1) and (2), and the UGT1A1 gene are complementarily bound, an invader probe can invade 
the polymorphism sites in between, its single base (N) creating a structure with a base-pair overlap. 

(3) A FRET (fluorescence resonance energy transfer) probe can be constituted by a sequence having no relation- 
ship with the UGT1A1 gene, and the sequence of the FRET probe may be common not depending on the poly- 

55 morphism sites which is intended to be detected. The FRET probe has the sequence to which the probe itself can 

complementarily bind on its own 5' side, and has the sequence which is complementary to a flap on the 3* side. 
In addition, the 5-terminal of the FRET probe is labeled with a fluorescent pigment, and a quencher is bound to 
its upstream site. 
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(4) Clevase is an enzyme having the specific endonuclease activity which is classified as a structure-specific flap 
endonuclease (FEN); and recognizes and cuts the structure of a DNA; detects the part where three bases are 
arrayed, each belonging to a template DNA, an invader probe and an allele probe, and where a 5-terminal of allele 
probe is flap-like; and cuts the flap part. 

[0046] When the above-mentioned three kinds of probes (1 ) to (3) and cleavase (4) are used, the following two-stage 
reaction is schematically generated. 

[0047] First, when the allele probe (1 ) and the UGT1A1 gene are complementarily bound, the 3'-terminal (N) of the 
invader probe (2) invades their polymorphism site. The cleavase (4) recognizes a structure of the polymorphism site 
in which these three bases are arrayed, cuts a flap part of the allele probe (1 ), and the flap part is released. Then, the 
flap part released from the allele probe (1 ) complementarily binds to a FREP probe (3) because the flap part has the 
sequence which is complementary to the FREP probe (3). Upon this, the polymorphism site present at the 3'-terminal 
of the flap part invades into a complementarily self-binding site of the FRET probe (3). The cleavase (4) in turn recog- 
nizes this structure, and cuts the site which is bound with a fluorescent pigment. Thereby, the fluorescent pigment is 
separated from the quencher and, therefore, emits the fluorescent light. This fluorescent intensity is measured to detect 
and analyze the polymorphism. 

[0048] (1 ) to (4) may be used, for example, by combining (1 ) and (2), or (3) and (4) as a composition of two kinds of 
reagents, or (3) and (4) may be dried in advance to be encapsulated into a microliter plate. Thereby, the number of 
steps for assay can be reduced. Moreover, magnesium, a buffer and the like may be appropriately incorporated into 
a reagent composition containing (1) and (2), to optimize a reaction. Further, in addition to (1) to (4), a mineral oil for 
preventing a sample from evaporating during measurement may be combined to obtain a kit. 
[0049] In addition, if two kinds of probes are prepared for the allele probe (1 ), whether the UGT1A1 gene is homozy- 
gote or heterozygote can be distinguished. Since these are diagramed and described in Post-Sequence Genome 
Science "Strategy for SNP Gene Polymorphism", Yozo Onishi, 94-135, Nakayamashoten, 2000; Treble M et al 
Genetic Medicine, 4:68-72, 2000, Outline; and W097/27214 and W098/42873 which are International Publications, it 
is possible to perform optimum design by referring to these publications. 

[0050] Since the risk of expression of adverse drug reaction caused by the administration of a compound which is 
either metabolized per se by UGT1A1 enzyme or whose metabolic intermediate is metabolized by the enzyme can be 
estimated in advance the kit of the present invention, a proper dose of the compound can be set for every administration 
subject based on the estimation results. In other words, the kit of the present invention can be used for setting a dose 
of a compound which is either metabolized per se by UGT1A1 enzyme or whose metabolic intermediate is metabolized 
by the enzyme. 

[0051] By introducing a UGT1A1 gene having a genetic polymorphism which is determined to have less risk of ex- 
pression of adverse drug reaction (in other words, having six TA repeats in the promoter region, guanine (G) at position 
21 1 of exon 1 , and/or cytosine at position 686 of exon 1 ), or a DNA fragment containing at least one of those polymor- 
phism sites into a cell of a patient receiving administration of a compound, in particular, into a cell at a site where 
UTG1A1 enzyme acts on metabolism and detoxication of the compound; a risk of expression of the adverse drug 
reaction of the compound can be reduced. Introduction of the genes can be performed before administration, during 
administration, or after administration of the compound. Introduction of the genes can be performed, for example, by 
the methods such as a method using a plasmid or a virus vector for introducing a gene, electroporation (Potter H et 
al., Proc. Natl. Acad. Sci. U.S.A. 81, 7161-7165 (1984)), lipofection (Feigner, P. L. et al., Proc. Natl. Acad. Sei. U.S.A. 
84, 7413-7417 (1984)), microinjection (Graessmann, M. & Graessmann, A. Proc. Natl. Acad. Sci USA 73 366-370 
(1976)) and the like. 

[0052] The present invention will be explained in more detail by means of Example. In this Example, the correlation 
between the adverse drug reaction due to irinotecan administration and polymorphisms of UGT1A1 genes was statis- 
tically analyzed. 

[Patients and Clinical Information] 

[0053] The subjects were Japanese patients who had received irinotecan administration in their chemotherapies 
from July 1994 to June 1999. For confirming the security of the patients, each patient was primarily ensured to have 
an adequate bone marrow function before the use of irinotecan: a leukocyte count of 3x109/liter or more, and a platelet 
count of 100x109/liter or more. In addition, the patients who had evidence of watery diarrhea, paralytic ileus, pulmonary 
interstitial pneumonia or fibrosis, massive ascites or pleural effusion, apparent jaundice, or anamnesis of hypersensi- 
tivity to irinotecan were excluded from the irinotecan use. As a result, 118 patients were used as a subject of this 
Example. 

[0054] For confirming the adaptability to irinotecan, the complete blood count, platelet count and serum chemistry 
were assessed at least once a week. And bilirubin levels were always measured. 
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[0055] We retrospectively reviewed the clinical records including patients* characteristics (e.g. age, gender and the 
like), the dosage and schedule of irinotecan administration, the record of use of other drugs or radiotherapy, and ob- 
served adverse drug reaction caused by irinotecan (infusion). We counted the number of days when the patients 
received granulocyte colony stimulating factors (G-CSFs) or loperamide hydrochloride, the latter of which is commonly 

5 prescribed for irinotecan-induced diarrhea in Japan. Prophylactic administration of G-CSF prevented the apparent 
onset of neutropenia. Since the dose limiting toxicity of irinotecan is known to result in leukopenia and diarrhea, we 
defined as "severe toxicity" as leukopenia of grade 4 (<0.9x10 9 /liter) and the diarrhea of grade 3 or worse (grade 3 is 
for the watery diarrhea for 5 days or more; grade 4, the diarrhea with hemorrhagic or dehydration as classified in 
accordance with the Japan Society for Cancer Therapy criteria). No other adverse drug reactions were included in this 

10 example because they would be influenced by miscellaneous patients' backgrounds. The Serum total bilirubin levels 
were recorded with the scores just prior to irinotecan administration along with the highest of those after initiation of 
the therapy. 

[Genotyping] 

15 

[0056] Blood was sampled from each patient (118 samples) and their genotypes were analyzed after irinotecan 
administration in each patient. First, genomic DNA was prepared from the whole blood (100-200 |il) using QIAamp 
Blood Kit (QIAGEN GmbH, Hilden, Germany). Then the assay was performed according to the accompanying manual. 
[0057] We analyzed the following variant sequences for each genomic DNA (see Fig. 1 ): a two-extra-nucleotide (TA) 

20 insertion within the TATA box resulting in the sequence (TA) 7 TAA at positions -39 to -53, whose type is referred to as 
UGT1A1*28; (Monaghan, G., Ryan, M., Seddon, R. f Hume, R., and Burchell, B., Lancet, 347: 578-581, 1996, Bosma, 
P. J. et al., N. Engl. J. Med., 333: 1171-1175, 1995); a transition at codon 71 in exon 1 (from (G)to (A) at +211 locating 
in the downstream region from the initial site of the transcription) that changes glycine to arginine (represented by 
G71 R, whose type is referred to as UGT1A1*6)\ a transversion at codon 229 in exon 1 that alters proline to glutamine 

25 (represented by P229Q, whose type is referred to as UGT1A1*27); a transversion at codon 367 from (C) to (G) at 
position +1099 in exon 4 that converts arginine to glycine (represented by R367G, whose type is referred to as 
UGT1A1*29)\ and a transversion (+1456, T to G) at codon 486 in exon 5 that transforms tyrosine (Y) into aspartic acid 
(D) (represented by Y486D, whose type is refered to as UGT1AV7). (Monaghan, G., Ryan, M., Seddon, R., Hume, 
R., and Burchell, B., Lancet, 347: 578-581, 1996, Bosma, P. J. et al., N. Engl. J. Med., 333: 1171-1175, 1995, Aono, 

30 s. et al., Lancet, 345: 958-959, 1995, Aono, S. et al., Biochem. Biophys. Res. Commun., 197: 1239-1244, 1993). 

[0058] UGT1A1*28 was distinguished from the most common allele (UGT1AV1) by directly sequencing the 
253-255-bps produced by PCR amplification reaction using the previously reported method (Monaghan, G. et al., 
Lancet, 347: 578-581, 1996, Ando, Y et al., Pharmacogenetics, 8: 357-360, 1998). 

[0059] Cycle sequencing method was performed with a dye terminator sequence reaction using an ABI PRISM 31 0 
35 Genetic Analyzer (ABI Prism DNA Sequencing Kit, Perkin-Elmer, Foster City, CA). 

[0060] The remaining variant sequences (such as UGT1A1*6) were distinguished from UGT1A1*1 by PCR-RFLP 
analysis. For the analysis of exon 1 , the first-step PCR amplification of a 923-bp fragment containing the exon 1 was 
performed in accordance with the previously reported method (Akaba, K. et al., Biochem. Mol. Biol. Int., 46: 21-26, 
1998). 

40 [0061] Subsequently, for the analysis of UGT1A1*6 the second set of PCR amplifications was carried out using 
nested primers designed to amplify a 235-bp segment. The mismatched forward and reverse primers are as follows 
(Underlines indicate mismatched sites): 



45 Forward primer (+178 to +210) (SEQ ID NO. 1): 

5'-CTAGCACCTGACGCCTCGTTGTACATCAGAGCC-3 , 

50 

Reverse primer (+393 to +412) (SEQ ID NO. 2): 
5 , -CCATGAGCTCCTTGTTGTGC-3 9 

55 

[0062] The forward primer was designed to introduce a Msp I (Takara Shuzo Co., Ltd., Otsu, Japan) restriction site 
in UGT1A1*1 (+209 to +212), but not in UGT1AV6. The 1000-fold diluted product of the first-step PCR reaction was 
subjected to the 2nd step PCR using the nested PCR, wherein the sample of a a volume of 50 ^il contained 0.2 mM 
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of each deoxynucleoside triphosphate, 50 mM KCI, 10 mM Tris-HCI (nH ft i\ 1 s ™ „ * * 

els irs^r^^* ™ p pcrL ~ - - 

Forward primer (+485 to +503) (SEQ ID NO. 3): 
5 '-AGTACCTGTCTCTGCCCAC-3 ' 

Reverse Primer (+865 to +867 and intron 1) (SEQ ID NO. 4): 
5'-GTCCCACTCCAATACACAC-3' 

^^R h a e m S pSc U a e l e and n r ^ ^ "* ** 

(Akaba, K. et al., Biochem. Mol BioMnt 4^ 21 26 P aCC ° T6m9 <° 8,8 rep0rted method 

primers including mismatched sequel J ^^8^^^'^ ^ ^ ^ the 
amplification reaction as follows (The undeZ^ ^ USed f ° r the «" 

Forward primer (intron 3 and +1085 to +1098) (SEQ ID NO. 5): 
5 '-TCCTCCCTATTTTGCATCTCAGGTCACCCGATGGCC-3 ' 



Reverse primer (intron 4) (SEQ ID NO. 6): 
5'-TGAATGCCATGACCAAA-3' 



[0066] The forward primer was designed to introduce a Cfr13 I (Takara Shu™ Cn im rv. ■ 
from UGT1AV1 (+1095 to +1099) but not frnm imriAi^a ii ' td " 0tSU ' Japan > restr iction site 

as that used in the mSSJS^^^^^Z The PGR reaction reagent mixture used was the same 
digested with ^.enzyme. 

derived from UGT1A1*29 gave an undigested 285-bp fragment 3 " bP fragmentS ' 3nd DNA 

and DNA densed from UGT1A1*7 gave an undigested 579-6P fragment 365-and 214-dp fragments. 

SreeL a„Tri n mZl e ,S SS" tT™ ^ "T? ^ a " al ^ "V 4% agarose ge, used etec 
IV direct seguendno LnaZT ™* ^ 9en0,VP,n9 ,eS "" S e,ery variM 9**°<«*» *«• »ara conttrmed 



EP 1 352 970 A1 



[0070] The type of UGT1A1 gene in each patient was determined in view of the results obtained. 
[Statistical Analysis] 

5 [0071] Analysis and assessment of the correlation between severe toxicity of irinotecan and type (gene polymor- 
phism) of UGT1A1 gene were performed by the following statistical procedure. 

[0072] For the possible factors the following are used: gender, age, performance status (PS), primary disease, pres- 
ence of distant metastasis, treatment history, complications of diabetes or liver diseases, chemotherapy regimens, 
concurrent radiotherapy, and the intended schedule for the infusion of irinotecan and its dosage at a time. The chem- 

10 otherapy regimens were categorized into 3 groups; irinotecan alone, irinotecan plus platinum (cisplatin or carboplatin), 
and irinotecan plus other agents (paclitaxel, docetaxel, etoposide, mitomycin C or 5-fluorouracil). The correlation (or 
association between potential variables was assessed using chi-square test or Fisher's exact test for categorical var- 
iables, or with Mann-Whitney U test for continuous ones. Possible variables that seemed to be associated with severe 
toxicity (P < 0.1) were to be included in the unconditional multiple logistic regression analysis. We did not include the 

15 following factors in the multivariate analysis because they highly depended on the outcome of chemotherapy: total 
actual dosage and use of both granulocyte colony-stimulating factor and loperamide hydrochloride. The variables in 
the final statistical models were chosen using forward and backward stepwise procedures at the significance level of 
0.25 and 0.1 , respectively. The importance of the genetic polymorphism for occurrence of severe toxicity was verified 
when controlling for the other variables. 

20 [0073] We performed these analyses using JMP ver. 3.0.2 software (SAS Institute Inc., Cary, NC). A difference was 
considered statistically significant when the two-tailed P value was under 0.05. 

[Adverse Drug Reaction and Clinical Information] 

25 [0074] We have reviewed the clinical information of the 118 patients. Nine (8%) and 38 (32%) patients experienced 
leukopenia of grade 4 (<0.9x 10 9 /liter) and grade 3 (1 .9-1 .0x1 0 9 /liter), respectively. Diarrhea was reported in 3 patients 
(3%) with grade 4 (hemorrhagic or dehydration) and 19 (16%) with grade 3 (watery for 5 days or more). Five of the 9 
patients with grade 4 leukopenia also had grade 3/4 diarrhea, and 16 of the 22 patients with grade 3/4 diarrhea en- 
countered grade 3/4 leukopenia. Then, we identified 26 patients who experienced severe toxicity (hereinafter referred 

30 to as "severe toxicity-experienced patients") and 92 patients who did not (hereinafter referred to as "severe toxicity- 
inexperienced patients") and summarized the clinical information and the severe toxicity data in Tables 2 and 3, re- 
spectively in the Drawings. Lower total amounts of actual irinotecan and more frequent use of granulocyte colony- 
stimulating factor or loperamide hydrochloride were observed in severe toxicity-inexperienced patients. 

35 [Distribution of Genotypes] 

[0075] The genotypes were determined in the all 118 patients using the above methods and the result thereof is 
shown in Fig. 4. There was no patient having UGT1AV29 or UGT1AV7. In addition, regarding 9 patients, the already 
reported result (UG T1A 1 *28) was used (Ando, Y., Saka, H., Asai, G., Sugiura, S., Simotaka, K., and Kamataki, T., Ann. 
40 Oncol., 9:845-847, 1998). In addition, regarding 117 patients, total bilirubin level before chemotherapy, and a maximum 
of total bilirubin level during chemotherapy term were measured, and the results thereof are also described in the table 
of Fig. 4. 

[0076] As shown in the table in Fig. 4, the co-occurrence of the genotypic polymorphisms was found in five patients; 
two of them (indicated with arrow A) heterozygous for both UGT1A1*28 and UGT1A1*6, and three of them heterozygous 
45 for UGT1A1*27and concurrently homozygous (two: indicated with arrow C) or heterozygous (one: indicated with arrow 
B) for UGT1A1*28. 

[0077] The 2 patients (indicated with arrow A) heterozygous for both UGT1A1*28 and UGT1A1*6 had bilirubin levels 
within the normal range; 13.9 jumol/liter and 15.4 pmol/liter prior to therapy and 10.3 jimol/liter and 15.4 pmol/liter 
following the initiation of chemotherapy, respectively. Except for these 2 patients, the differences in the bilirubin levels 
50 among the genotypes were statistically significant prior to the therapy (P = 0.031, Kruskal-Wallis test) and following 
the initiation of therapy (P < 0.001). 

[0078] The allele frequencies of UGT1A1*28 for severe toxicity-experienced patients and severe toxicity-inexperi- 
enced patients were 0.308 (95% CI, 0.004-0.149) and 0.087 (95% CI, 0.046-0.128) respectively; and those of 
UGT1A1*6, 0.077 (95% CI, 0.004-0.149) and 0.136 (95% CI, 0.086-0.1 85)respectively. 
55 [0079] The difference in allelic distribution between the patients with and without experience of severe toxicity was 
statistically significant for UGT1AV28 (P < 0.001) but not significant for UGT1AV6 {P > 0.2, GENEPOP ver. 3.1d 
software, the Laboratoire de Genetique et Environment, Montpellier, France). 
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[Correlation of Genotypes and Adverse Drug Reaction] 

[0080] Logistic regression analysis showed that the genotype either heterozygous or homozygous for UGT1A1*28 
proved to be a significant predictor of severe toxicity (odds ratio, 5.21 ; 95% CI, 1 .98-13.96; P < 0 001 • Table 4) Con- 

95%a', Ztlt^pToT^ ° f UGT1A 1 * 6 ^ ° CCUrrenCe ° f SSVere toXicity was ° bserved (odds ra,i0 ' 055; 

El I he K ° ther f3Ctors j nfluen,ial in causing ^vere toxicity and a mutation of a genotype were compared. 

Zll . S h Tk m 63 in Fi9 " 2 and Rg - 3> the factors that seemed to affect severe adversely were 

gender , chemotherapy reg.men" and "intended schedule" of irinotecan infusion. These factors were assessed for 

S?nIS? ° r 1 aSSOC,ation - s '9nificant association was found between "chemotherapy regimen" and "intended schedule" 
L I V'^VZ 1 ° ther W ° rdS ' 12 ° f 19 pati6ntS (63%) treated wiln irinotecan of 3 " or 4-week cycle had 
7<22rST° n t Z 3ntiCanCer dmgS beSideS irin0teCaa Since "chemotherapy regimen" was the variable with 
2 model 1 ™ P W S6Vere 10 V ° f irin ° teCan " We C0nsidered Pelotherapy regimen" for inclusion in the sta- 
[0083] The other correlation or association seen among "chemotherapy regimen", "gender" and "UGT1A 1 *28 oen- 

Z a T\ S P 9 f Can !' f einQ 3 female 9ender and USing 0ther anti - ca "cer drugs (apart from platinum) were found 
to be important actors of the occurrence of severe toxicity besides the UGT1AV28 genotype. Comparison of these 
two factors and UGT1AV28 is shown in the table of Fig. 5. As shown in the table of Fig. 5, possession of UGT1AV28 

hri S nK SeVere f t0XiC ! ty ° f i in ° teCan 38 mUCh 35 7 - f ° ld - ' n additi0n ' 3 si 9 nificant level of correlation was not recognized 
between being a female and severe toxicity of irinotecan. These findings clarify the clinical importance of UGT1AV28 
as an index of UGT1A1 conjugation activity, acute exposure to irinotecan 

Zt%T7X he !^T^ ^ b ° th 9rade 4 leUk ° Penia and 9rade 3 0r worse diarrhea concurrently, 2 had 
th J , I ? 3 UG ] 1M 27 > another 2 were heterozygous for UGT1AV6, and the remaining one had none of 
Jno/ 3 T^TTr* ana y f 6d (homoz y9° us for UGT1AV1). On the other hand, it is noteworthy that 4 of 5 patients 
urriA^ « ,f q ^ nCeS b ° th the Pr ° m0ter r69ion (MT1AV28) and in exon 1 (UGT1AV6 or 

urlilll™ life-threatening toxicity. From the foregoing results, it is suggested that possession of 

nfZlt h C9USeS f V6re V ° f irin ° teCan 3t 3 high P robabilit y- Therefore, it can be said that a risk of expression 
?n T. nr^7 , 'T 1603 " Ca " be eStimat6d in 3dV3nCe bv an3, y 2in 9 a mutation ( diffe ™ce in TA repeats) 

n^L°o 7 re9 '° n - add ' tl0n ' " iS su 99 ested that Possession of both UGT1AV28 and either UGT1AV6 or 
rfJU h t Sever f . toxici,v of irinotecan at a high probability. Therefore, it can be said that a risk of expression 

a°mu V S 

^nt 5 ^,h^ , ; r ! h , erm0 I . re, ? 2 PatientS homo2 y9 0us for UGT1A1-6 were found to be severe toxicity-inexperienced pa- 
tients (the tab e m F,g 4 indicated with arrow D), and all 3 patients (the same table, indicated with arrow B and C) 

TugtT^ 27 r f ° Und 40 h3Ve 6XPerienCed S6Vere t0Xicit ^ From this ' « is su 99ested that possession 

! ^ severe toxicity of irinotecan at a high probability. Therefore, it can be said that a risk of expression 

toZZ^ZTzT 0 ^ can be estimated in advance by analy2ing the presence of UGT1A1 * 27 that * 

l Hrl*I!l P rasen * invention is not limited to the above embodiment and Examples. A variety of variation aspects 

Zt Z ?t ? T 6Sent inVenti ° n 38 fer 38 <hey 3re n0t departed from ^ description of the claims and tn a 
range which can be readily contemplated by those skilled in the art. 

INDUSTRIAL APPLICABILITY 

or™ ACC °H di K 9 k° the r etnod of tne ? resent invention - risl < of adverse drug reaction caused by the administration 
bv the ™ ' S eith f e : met3b0 ' i2ed > er se ^ UGT1 A1 enzyme or whose metabolic intermediate is metabolized 
tn lmin r ' repreSen ? tlve 0f which is irinoteca ". ca " he estimated in advance. As a result, it becomes possible 
to administer a compound (drug) ,n viewof risks of causing adverse drug reaction every patient, and it becomes possible 
to reduce adverse drug reaction. In particular, a risk of the expression of adverse drug reaction such as leukopen a 

r:~::^T e administration of irinotecan can be estimated * - - ** °< ^ 

TauL m^ d r n ' 2 ? "T ° f JaPan6Se h3Ve 3 mUt3ti0n in UGT1 A1 and ' for this r « a son, it can be considered 
that they may have a high risk against high toxicity of irinotecan and. therefore, it can be said that, by analyzing a 
genotype of UGT1A1, adverse drug reaction of irinotecan, in particular, in Japanese patients can be reduced 
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SEQUENCE LISTING 

<1I0> Nagoya Industrial Science Research Institute 
Hasegawa, Yoshinori 
Ando, Yuichi 
Shimokata, Kaoru 

<120> Method for predicting severe toxicity caused by dosing 
either a compound that is metabolized by (JGTIA1 enzyme 
or a compound whose metabolite is metabolized by the 
enzyme. 

<130> C0000101 

<140> 
<141> 

<150> JP P200D-376756 
<151> 2000-12-12 

<160> 10 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 33 
<212> ONA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Primer for 
amplifying a 235-bp segment to analyze UGTI A1*6 

<400> 1 

ctagcacctg acgcctcgtt gtacatcaga gcc 



<210> 2 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Pr imer for 
amplifying a 235-bp segment to analyze UGTI A1*6 
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<400> 2 

ccatgagctc cttgttgtgc 



<210> 3 
<21l> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence.Pr imer for 

amplifying a 399-bp segment to analyze UGT1AU27 

<400> 3 

agtacctgtc tctgcccac 



<210> 4 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial SequencerPrimer for 

amplifying a 399-bp segment to analyze UGT1A1*27 

<400> 4 

gtcccactcc aatacacac 



<210> 5 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence.Pr imer for 
amplifying a 285-bp to analyze UGTJA1*29 

<400> 5 

tcctccctat tttgcatctc aggtcacccg atggcc 



<2t0> 6 
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<21l> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Primer for 
amplifying a 285-bp to analyze UGT1A1*29 

<400> 6 

tgaatgccat gaccaaa 



<210> 7 
<211> 21 
<212> DNA 

<2I3) Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:PCR Primer for 
analyzing 7A7A box region 

<400> 7 

aagtgaactc cctgctacct t 



<210> 8 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:PCR Primer for 
analyzing TATA box region 

<400> 8 

ccactgggat caacagtatc t 



<210> 9 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:PCR Primer for 
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analyzing TATA box region 
<400> 9 

gtcacgtgac acagtcaaac 



20 



<2I0> 10 
<211> 19 
<212> ONA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :PCR Primer for 
analyzing TATA box region 

<400> 10 

tttgctcctg ccagaggtt 



Claims 



Tl metab0 " zed per se b * UGT1 A1 en ^e or whose metabolic intermediate is metabolized by the 
gTeTnc^ 

The method any one of claims 1 to 3, which further comprises a step of amplifying a DNA containing the TA 
repeating region in the promoter region of a gene encoding UGT1A1 enzyme. "naming 

The method of any one of claims 1 to 4, which is a method for estimating the risk of expression of adverse druo 
reaction caused by the administration of a compound which is either metabolized per se by UGT1 A ^enzyme or 

!£zr? r 5 Tr ediate is me,abo,ized by the enzyme ' and ^ ^ w ° ™ZZ 

the base at nucleotide posH.cn 686 of a gene encoding UGT1A1 enzyme, and/or (c) a step of analyzing the base 
at nucleotide position 211 of a gene encoding UGT1A1 enzyme. W ' analyzing tne base 

w'hether^ hi?'? 1 5 ' r h ?L ein St6P ° f ana ' y2ing ,he b3Se 31 nuc,eotide P° sition 68 6 * a step of analyzing 
whether the base at nucleotide position 686 is cytosine or adenine. 

whetherthf hi C ' a 7 5 " I*! T SteP ° f ana ' yZing the b3Se 31 nucleotide P° sition 2 " ■ ■ ^ep of analyzing 
whether the base at nucleotide position 211 is guanine or adenine. 

8. The method of any one of claims 5 to 7, which further comprises a step of amplifying a DNA containing the base 

Imnn 0 ,? r 0S " 686 ° f 3 9ene enCOdin9 UGT1A1 enZ *™- and/or a DNA containing the base at n cfeot de 
position 211 of a gene encoding UGT1A1 enzyme. "uueouoe 



6. 



7 
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9. A method for estimating the risk of expression of adverse drug reaction caused by the administration of a compou nd 
which is either metabolized per se by UGT1 A1 enzyme or whose metabolic intermediate is metabolized by the 
enzyme, which comprises at least (b): a step of analyzing the base at nucleotide position 686 of a gene encoding 
UGT1A1 enzyme. 

5 

10. The method of claim 9, wherein the step of analyzing the base at nucleotide position 686 is a step of analyzing 
whether the base at nucleotide position 686 is cytosine or adenine. 

11. The method of either of claims 9 or 10, which further comprises a step of amplifying a DNA containing the base 
10 at nucleotide position 686 of a gene encoding UGT1 A1 enzyme. 

12. The method of any one of claims 1 to 11 , wherein the compound is a camptothecin analogue compound. 

13. The method of claim 12, wherein the camptothecin analogue compound is a camptothecin derivative. 

15 

14. The method of claim 13, wherein the camptothecin derivative is topotecan or irinotecan. 

15. The method of claim 13, wherein the camptothecin derivative is irinotecan. 

20 16. A method for setting a dose of the compound, which comprises a step of setting a dose of the compound based 
on the results of the method for estimating the risk of expression of adverse drug reaction of any one of claims 1 
to 15. 

17. A nucleic acid for analyzing the number of TA repeats in the promoter region of a gene encoding UGT1 A1 enzyme, 
25 which hybridizes specifically with a DNA fragment derived from the region which contains the bases of the TA 

repeating region of a gene encoding UGT1A1 enzyme and which can be amplified by PCR method using the 
primers of SEQ ID No. 7 and SEQ ID No. 8. 

18. A nucleic acid for analyzing the number of TA repeats in the promoter region of a gene encoding UGT1 A1 enzyme, 
30 which hybridizes specifically with a DNA fragment derived from the region which contains the bases of the TA 

repeating region of a gene encoding UGT1A1 enzyme and which can be amplified by PCR method using the 
primers of SEQ ID No. 9 and SEQ ID No. 10. 

19. A nucleic acid for analyzing the base at nucleotide position 211 of a gene encoding UGT1 A1 enzyme, which hy- 
35 bridizes specifically with a DNA fragment derived from the region which contains the base at nucleotide position 

211 of a gene encoding UGT1 A1 enzyme and which can be amplified by PCR method using the primers of SEQ 
ID No. 1 and SEQ ID No. 2. 

20. A nucleic acid for analyzing the base at nucleotide position 686 of a gene encoding UGT1A1 enzyme, which 
40 hybridizes specifically with a DNA fragment derived from the region which contains the base at nucleotide position 

686 of a gene encoding UGT1 A1 enzyme and which can be amplified by PCR method using the primers of SEQ 
ID No. 3 and SEQ ID No. 4. 

21. A kit for estimating the risk of expression of adverse drug reaction caused by the administration of a compound 
45 which is either metabolized per se by UGT1 A1 enzyme or whose metabolic intermediate is metabolized by the 

enzyme, which comprises a nucleic acid for analyzing the number of TA repeats in the promoter region of a gene 
encoding UGT1A1 enzyme. 

22. The kit of claim 21 , which further comprises a nucleic acid for analyzing the base at nucleotide position 686 of a 
50 gene encoding UGT1A1 enzyme, and/or a nucleic acid for analyzing the base at nucleotide position 211 of a gene 

encoding UGT1A1 enzyme. 

23. A kit for estimating the risk of expression of adverse drug reaction caused by the administration of a compound 
which is either metabolized per se by UGT1A1 enzyme or whose metabolic intermediate is metabolized by the 

55 enzyme, which comprises a nucleic acid for analyzing the base at nucleotide position 686 of a gene encoding 

UGT1A1 enzyme. 



24. 



The kit of any one of claims 21 to 23, wherein the compound is a camptothecin analogue compound. 
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25. The kit of claim 24, wherein the camptothecin analogue compound is a camptothecin derivative. 

26. The kit of claim 25, wherein the camptothecin derivative is either topotecan or irinotecan. 

27. The kit of claim 25, wherein the camptothecin derivative is irinotecan. 

28. A kit for estimating the risk of expression of adverse drug reaction of irinotecan in advance, which comprises at 
least either (a): a nucleic acid for analyzing the number of TA repeats in the promoter region of a gene encoding 
UGT1A1 enzyme; or (b): a nucleic acid for analyzing the base at nucleotide position 686 of a gene encoding 
UGT1A1 enzyme. 3 

29. The kit of claim 28, which is a kit for estimating the risk of expression of adverse drug reaction of irinotecan and 
which further comprises a nucleic acid for analyzing the base at nucleotide position 21 1 of a gene encodinq UGT1A1 
enzyme. 3 

30. A kit for estimating the risk of expression of adverse drug reaction of irinotecan, which comprises at least either 
(a): a nucleic acid for analyzing the number of TA repeats in the promoter region of a gene encoding UGT1A1 
enzyme; or (b): a nucleic acid for analyzing the base at nucleotide position 686 of a gene encoding UGT1A1 
enzyme, and which further comprises a reagent for amplifying a DNA containing a TA repeating region in the 
promoter region of a gene encoding UGT1A1 enzyme, or a DNA containing the base at nucleotide position 686 
of a gene encoding UGTIA1 enzyme, which are to be analyzed. 

31. The kit of claim 30, which is a kit for estimating the risk of expression of adverse drug reaction of irinotecan which 
further comprises a nucleic acid for analyzing the base at nucleotide position 211 of a gene encoding UGT1A1 
enzyme and a reagent for amplifying a DNA containing the base at nucleotide position 211 of a gene encodinq 
UGT1A1 enzyme. 3 
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Fig.l 

Allele Nucleotide change Effect on protein Exon 



UGT1A1*2S (TA)7TAA reduced expression promoter 

UGT1AV6 211G— A G71R 1 

UGTLA1*27 686C-^A P229Q 1 

UGT1A1*29 1099C-G R367G 4 

UGTLAV7 1456T— G Y486D 5 
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Fig. 2 



Leukopenia (grade 4) and / or diarrhea (grade 3 or worse)" 



Experienced 
(N = 26) 



Not experienced 
(N = 92) 



Gender (men / women) 
Median age (range, years) 
Performance status 

0 

1 

>2 

Primary disease 

Small cell lung 

Non-small cell lung 

Colorectal 

Other 
Distant metastases 
Previous treatment 

None 

Systemic chemotherapy 
Surgery 
Radiotherapy 
Complications 
Diabetes 
Liver diseases 



14/12 
60 (38-76) 

8 (31%) 

15 (58%) 

3 (12%) 

4 (15%) 

16 (62%) 
3 (12%) 
3 (12%) 
21 (81%) 

12 (46%) 
12 (46%) 
8 (31%) 
3 (12%) 



3 (12%) 



66 / 26 
61 (41-75) 

31 (34%) 
51 (55%) 
10 (11%) 

17 (18%) 
49 (53%) 

18 (20%) 
8 (9%) 
68 (74%) 

36 (39%) 
47(51%) 
34 (37%) 
17(18%) 

8 (9%) 
6 (7%) 



0.085* 

>0.2« 

>0.2* 



>0.2» 



>0.2» 
>0.2» 



>0.2* 
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Fig. 3 



Leukopenia (grade 4) and / or diarrhea (grade 3 or w orse 

Experienced Not experienced P 
(N = 26) (N = 92) 



Regimens 0.015* 

Irinotecan alone 3 (12%) 32 (35%) 

Irinotecan & platinum 13 (50%) 45 (49%) 

Irinotecan & other 10 (38%) 15 (16%) 

anti-cancer drugs 

Concurrent radiotherapy 1(4%) 8(9%) >0.2 C 

Intended schedule 0.059* 

Weekly (days 1, 8 and 15) 15 (72%) 62 (67%) 

Every 3 or 4 weeks 8 (31%) 11 (12%) 

Twice every 4 weeks 3 (12%) 19 (21%) 

Intended irinotecan dosage 

for each infusion (mg/m J ) >0.2* 
<60 9 (35%) 18 (20%) 
60 8 (31%) 34 (37%) 
>60 9 (35%) 40 (43%) 
Total actual dosage (mg/m 2 ) 0.010* 
<300 15 (58%) 24 (26%) 
301-600 7(27%) 46(50%) 
>600 4 (15%) 22 (24%) 
Use of granulocyte colony- 
stimulating factor (days) O.001* 
0 5 (19%) 61 (66%) 
1-14 11 (42%) 13 (14%) 
>15 10(38%) 18(26%) 

Use of loperamide 

hydrochloride (days) 0.002* 

0 4(15%) 51(55%) 

1-7 15 (58%) 28 (30%) 

>8 7 (27%) 13 (14%) 

Objective response >0.2* 

Complete or partial 11 (48%) 31 (39%) 

Stable disease 8 (35%) 36 (45%) 

Progressive disease 4 (17%) 13 (16%) 

Not measurable 3 12 
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Fig. 4 



Genotypes Leukopenia (grade 4) and / 

or diarrhea (grade 3 or worse) 0 



TATA box 
UGT1A1*28 


codon 71 
UGT1A1*6 


codon229 
UGT1A1*27 


Experienced 
(N = 26) 


Not experienced 


6/6 
6/6 


Gly / Gly 


Pro /Pro 


14 (54%) 
11 


79 (86%) 
57 


6/6 


Gly/Arg 


Pro /Pro 


3 


20 


6/6 


Arg/ Arg 


Pro /Pro 


0 


Z *- D 


6/7 
6/7 


Gly /Gly 


Pro /Pro 


8 (31%) 
6 


10 (11%) 
9 


6/7 


Gly / Arg 


Pro /Pro 


1 -A 


1 *-A 


6/7 


Gly /Gly 


Pro /Gin 


1 — B 


0 


7/7 






4 (15%) 


3(3%) 


7/7 


Gly / Gly 


Pro /Pro 


2 


3 


7/7 


Gly /Gly 


Pro /Gin 


2 -C 


0 


Total bilirubin levels (nmol/lilter) 
Prior to therapy 




8.6 (6.8-13.7) 


8.6 (6.8-12.0) 


Highest after infusion 




16.2 (11.8-26.5) 


13.7 (10.3-18.8) 
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Fig. 5 



Term p« SE x 2 P Odds ratio (95% CI) 



Intercept 0.763 0.591 

UGTLA1*28 1.979 0.550 

Regimen 6 1.510 0.557 

Female 0.849 0.508 



12.95 0.0003 7.23 (2.52-22.3) 
7.36 0.0067 4.52 (1.53-13.9) 

3.10 0.0782 2.45 (0.90-6.75) 
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INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP01/10813 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of Grst sheet) 

1 This international search report has not been established in respe ct ol certain claims under Article 17(2)(a) for the following , 

1- Q Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. 



□ 



Claims Nos.; 



because they relate to parts of the international application that do not comply with the prescribed requirements to such * 
extent that no meaningful international search can be carried out, specifically: 



3. I [ Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



[Boxfl Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application as follows- ™ 

s (See extra sheet) . . vr ™». 

Requirement of unity of invention (PCT Rule 13.1) in the international 
application » not fulfilled unless there is a technical relationship !n a 
group of claimed inventions involving one or more of the ^t^x^S^^ 
special technical features. This -special technical feature" i s dSined 2 

LtlT^lT Wh±Ch eaCh ° f the Claimed i-^ions, considered as a Jhdle 
makes over the prior art (PCT Rule 13.2). • wnoie, 



1. [X) As all required additional search fees were timely paid by the applicant, this international search 



claims. 



report covers all searchable 



| 2. Q As aU searchable daims could be searched without effort justify^ 
of any additional fee. 

3. Q AsonlysomeoftherequiredadditionalsearchfeeswereUmelypaidby the applicant, mis intemaUonal search rer^rt 
only those claims for which fees were paid, specifically claims Nos.: 



4. 



□ No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



| Rcmark on P * otest H The additional search fees were accompanied by the applicant's protest. 

I | No Potest accompanied the payment of additional search fees. 
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INTERNATIONAL SEARCH REPORT 



International application No. 
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Continuation of Box No.H of Continuation of first sheet (1) 

First, discussion will be made on the inventions as set forth respectively 
in claims 1 and 5. The matter common to these inventions resides in "a method 
of estimating a risk of the expression of a side effect caused by the 
administration of a compound which is metabolized, either per se or as its 
metabolic intermediate, by UGT1A1 enzyme, which involves (a) the step of 
analyzing the TA repetitive sequence numbers in the promoter domain of a gene 
encoding the UGT1A1 enzyme". On the other hand, a prior document presented 
the analytical data on the relationship between the TA repetitive sequence 
numbers in the promoter domain of the gene encoding the UGT1A1 enzyme and 
the activity of the UGT1A1 enzyme of converting SN-38 (i.e., one of metabolic 
intermediates of irinotecan metabolized by the UGT1A1 enzyme) into glucronide. 
Moreover, there is suggested a possibility that a treatment with the use of 
irinotecan could be optimized by analyzing the TA repetitive sequence numbers . 

As stated by the applicant, it is true that the optimization of the treatment 
is merely "suggested" in the prior document. However, this suggestion was 
made based on the clear indication that an increase in the TA repetitive 
sequence number significantly related to a lowering in the conversion of SN-38 
into glucronide . Since such studies are made in order to reduce the expression 
risk of a side effect of a drug on an individual level, it can be concluded 
that the method for estimating the risk of the expression of the side effect 
caused by the administration of a compound metabolized, either per se or as 
its metabolic intermediate, by the TGT1A1 enzyme with the use of the TA 
repetitive sequence numbers in the promoter domain of the gene encoding the 
UGT1A1 enzyme is self-evident for those skilled in the art based on the above 
"suggestion". Such being the case, the "common matter" as described above 
cannot be regarded as "a contribution which each of the inventions as set forth 
in claim 1 and claim 5, considered as a whole, makes over the prior art". 

Thus, there is no "special technical feature" between the invention as set 
forth in claim 1 and the invention as set forth in claim 5 in the meaning 
as defined in PCT Rule 13.2. 

Next, discussion will be made on the inventions as set forth respectively 
in claims 5 and 9. The matter common to these inventions resides in "a method 
of estimating a risk of the expression of a side effect caused by the 
administration of a compound which is metabolized, either per se or as its 
metabolic intermediate, by CJGT1A1 enzyme, which involves the step of analyzing 
polymorphisms in the structural gene part of the gene encoding the UGT1A1 
enzyme". As stated above, the prior document suggested the utilization of 
polymorphisms not in the M structural gene part" but in the "promoter domain" 
of the gene encoding the UGTlAlenzyme to establish the optimum treatment. 
Accordingly, the method of estimating the risk of the expression of the side 
effect caused by the administration of a compound metabolized, either per 
se or as its metabolic intermediate, by the TGT1A1 enzyme with the use of 
the polymorphisms in the "structural gene part" cannot be. regarded as 
self-evident for those skilled in the art. 

Such being the case, the "common matter" of the invention as set forth in 
claim 5 and the invention as set forth in claim 9 can be considered as a "special 
technical feature" in the meaning as defined in PCT Rule 13.2. 

As discussed above, the present international application involves the 
following two groups of inventions : 

(1) the inventions as set forth in claims 1 to 4, 12 to 16 (the parts not 
concerning claims 5 to 11), 17, 18, 21, 24 to 27 (the parts not concerning 
claims 22 and 23), 28 (in case being free from nucleic acid (b) ) and 30 (in 
case being free from nucleic acid (b) ) ; and 
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(2) the inventions as set forth in claims 5 to 11, 12 to 16 (the oart^ 

clai^Tand 1 ^ U**,. 11 *' U h 2 °' 22 ' 23 ' 24 t0 27 (the P arts concerning 
claims 22 and 23), 28 (m case containing nucleic acid (b) ) , 29 and 30 fin 
case containing nucleic acid (b) ) and- 31. ( 
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